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ABSTRACT.Nearest-neighbour analysis can be applied to poly-
gonal ground patterns to give a quantitative evaluation of the
pattern. The nearest-neighbour statistic (R) indicates the degree
to which an observation departs from an expected random pat-
tern. The R-statistic is particularly useful in comparing patterns
by highlighting differences that are not subjectively obvious.
Because the nearest-neighbour technique eliminates the effect of
scale, it can be used to compare a variety of patterns, including
ice-wedge and desiccation polygons, lava cooling cracks, and
tectonic tractures. Nearest-neighbour analysis can also be ap-
plied to the large-scale polygonal ground on Mars and other
planetary bodies.

Introduction

Patterned ground is a characteristic geomorphic

feature in many periglacial and some arid regions

of Earth (Washburn 1956). The patterns are fre-

quently described as "regular" or "random," but

these are subjective observations that have never

been useful for comparisons of patterns.

Vitek (1973a, b) has applied nearest-neighbour

statistics to one type of patterned ground, mound

fields, in order to describe the pattern quantita-

tively. He adapted a technique that was devised by

Clark and Evans (1954); their procedure was pri-

marily developed to describe the distribution of

vegetation, but the nearest-neighbour technique

has been used in various other geographical stu-

dies of pattern. These other uses include describ-

ing the spatial distribution of towns (Barr et al

1971), drumlins (Smalley and Unwin 1968;

Trenhaile 1971), and grocery stores (Getis 1963).

Previous attempts to describe polygonal ground

quantitatively have emphasized the number of

sides, polygon diameters, and the intersection

angles of the outlining fractures (Kerfoot 1972).

The technique discussed here uses the vertices and

intersections of fractures outlining polygons as
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points to evaluate the randomness or regularity of
the pattern. The nearest-neighbour procedure has

never been used to describe polygonal ground.

Besides describing the patterned ground, nearest-

neighbour analysis may also be useful in under-

standing the climate, material, and processes that

formed the pattern.

Analytical method

The nearest-neighbour statistic, R, represents the

degree to which an observation departs from a

predicted random distribution (Clark and Evans

1954):

rA

R=_

rE

where rA is the mean of the observed distances

between nearest neighbours and _E is the mean

expected distance in a random distribution. Possi-

ble values of R range from 0.00, maximum cluster-

ing, through 1.00, a random pattern, to 2.15, a

0.00 MCR 1.00 MRR 2.0 2.15

clustered random regular

==_ statistically significant values

MCR more clustered than random

MRR more regular than random

Fig. 1. The range of values for the nearest-neighbour statistic
(R). After Vitek (1973a); used by permission.
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Fig• 2. Illustration of the method

for determining nearest-neigh-

bour statistics. (a) Pattern of

large-scale polygonal fractures in

Acidalia Planitia, in the northern

plains of Mars. The area shown is

about 50 km across (Viking photo

32AIg, centered at 44°N, 18°W).

(b) Location of vertices of cracks

and outline of the area to be tre-

ated by nearest-neighbour analy-

sis (N=51). The area does not in-

clude the entire pattern to avoid

the boundary problem, as discus-

sed in the text. The value of R here

is 1.21 (more regular than ran-

dom).
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TABLE I. NEAREST-NEIGHBOUR STATISTICS FOR POLYGONAL PATTERNED GROUND

Location Probable origin Source of data

of pattern

Statistical

Nearest-neighbour significance of

statistic, R departure from

random

Northern Norway Ice wedging Ohrngren, 1967, Fig. 2 i.ii

N.W.T., Canada Thermal contraction Kerfoot, 1972, Fig. 4 1.15

Southern Sweden Thermal contraction Svensson, 1977, Fig. 8 1.17

Acidalia Planitia Unknown Viking Orbiter Image 1.21

Mars 32A18

Northern Norway Thermal contraction Svensson, 1962, Fig. 1 1.32

Northern Alaska Ice wedging Lachenbruch, 1962 1.50

U.S.A. Fig. 2

Northern Norway Ice wedging Maack, 1967, Fig. 4 1.52

Deuteronius Mensae Unknown Lucchitta, 1983 1.57

Mars Fig. 2b

Northern Finland Thermal contraction Seppala, 1982, Fig. 7 1.58

Southern Sweden Ice wedging Rapp and Annersten, 1.65

1969, Fig. 4

Chryse Planitia Unknown Brook, 1982, Fig. ib 1.86

Mars

*MRR = Statistically more regular than random in pattern.

0.01 confidence

level - random

0.01 confidence

level - random

0.05 confidence

level - random

MRR

MRR

MRR

MRR

MRR

MRR

MRR

MRR

hexagonal lattice. The only statistically significant
values of R will occur around these clustered,

random, and regular nodes (Fig. 1). Values out-
side the 0.05 confidence level for the standard

variate of a normal curve can be grouped as MCR,

more clustered than random (_A<fE), or MRR,

more regular than random (_A>?E) (Clark and

Evans 1954; Vitek 1973a, b). An underlying

assumption of this nearest-neighbour analysis is

that a random density has a Poisson distribution

(Clark and Evans 1954).

Previous nearest-neighbour studies for other

types of ground patterns have used the centers of

the features as points in the pattern. For polygonal

ground, each vertex and intersection should be

treated as a point. This technique is illustrated in

Figure 2.

The boundary problem

Selection of the area covered by the pattern being

studied is an important part of the analysis. Clark

and Evans (1954) and Vitek (1973b) showed that it

must be delineated carefully because the area

affects the statistics. Including area that is not part

of the pattern reduces the value of R; in an ex-

treme case, a large excess area surrounding a re-

latively small pattern will cause R to approach

0.00, the clustered node. To avoid this bias, the

outline should extend no farther than the outer

limits of the pattern (Fig. 2b). This eliminates

areas that are not involved in a pattern and might

have been formed by a different process, as well as

helping ensure that the density and R-statistic are

representative of the pattern (Vitek 1973b).

Aplin (1983) also discusses the boundary prob-
lem. He advocates the use of a "buffer zone"

around the area being measured, but he empha-

sizes that establishing such a border sometimes

has the negative effect of seriously reducing the

total number of points in a pattern. Points occur-

ring in the pattern but outside of the outlined area
should be included in the analysis. This approach

is illustrated in Figure 2b.
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The nearest-neighbour statistic

The nearest-neighbour statistic, R, has been

calculated for a sample of areas with polygonally

patterned ground in Scandinavia and North

America, as well as on the planet Mars. The re-
sults are shown in Table 1, which also includes the

location and inferred origin of the features. Also

shown is the statistical significance of the depar-
ture from a randomly distributed population. The

measured patterns were selected by the availabil-
ity of published maps, aerial photographs, or

spacecraft images that included the scale and an

interpretation of the origin of the polygons. The

calculated values of R range from statistically sig-
nificant random values of 1.11 and 1.15, which fall

within the 5 per cent level of significance for those

populations (Clark and Evans 1954), up to 1.86,
which is classified as more regular than random

(MRR).

Discussion

Nearest-neighbour analysis should prove to be a
valuable tool in quantifying polygonally patterned

ground. The nearest-neighbour analysis allows

comparison of patterns between and among areas.
Vitek (1973b) noted that such pattern analysis
may ultimately provide some insight into the role

of climate and material in the formation of pat-

terned ground.
The term "random" has often been used to

describe polygonal systems. Lachenbruch (1962)

introduced a classification system separating poly-

gonal ground into "random orthogonal systems"

and "oriented orthogonal systems." The random

systems develop under a relatively low applied
stress, and new fractures propagate across the

surface "... in a random manner, generally fol-

lowing loci of low strength" (Lachenbruch 1962,

p. 46).

Using this description to distinguish random

patterns from oriented ones can be confusing; the

qualitative or statistical aspect must be specified.

When Lachenbruch's (1963) examples of random-

orthogonal and oriented-orthogonal systems are

analyzed by the nearest-neighbour technique,

they all have R values in the MRR range (Table

1). This is also a problem in some of the planetary-

geology literature. For example, Lucchitta (1983)

describes Martian polygons in Deuteronilus Men-

sae as random-orthogonal patterns, but nearest-

neighbour analysis gives an R value of 1.57, v_hich

is more regular than random. Lachenbruch's

(1962) classification system is certainly valid, but

the terminology must be carefully defined to avoid

confusing subjective descriptions with quantita-
tive statistics.

An immediate advantage of the nearest-neigh-

bour statistical analysis of patterned ground is that

it eliminates the effect of scale. Descriptions of

patterned ground on Mars, for example, have al-

ways been influenced by the size of the polygons,
which range up to 20 km or more in diameter. The

R-statistic is dimensionless, and therefore direct

comparisons between terrestrial and Martian pat-

terns can be made. Patterns with a range of origins

can also be compared with each other, including

periglacial patterned ground, large- and small-

scale desiccation polygons, cooling fractures in
lava, and tectonic features. Measurements of

polygons with these various origins should add

significantly to comparative pattern analysis. A

valuable contribution from this technique should

be in helping to define the roles of climate, pro-

cess, and materials in pattern development.

Conclusions

Nearest-neighbour analysis is a quantitative proc-

edure to determine how much a pattern departs

from an expected random pattern. Polygonal

ground patterns in Scandinavia, North America,

and the northern plains of Mars have nearest-

neighbour statistics that range from statistically

random (within the 0.01 confidence level) to more

regular than random. Differences in R between

otherwise-similar areas can lead to the identifica-

tion of important factors in the development of

polygonal features. Nearest-neighbour analysis

may eventually prove useful in interpreting the

climate, material, and processes that created a

particular pattern.

A major advantage of the nearest-neighbour

analysis for patterned ground is that it allows

quantitative comparisons between patterns. Be-

cause the analysis eliminates the effect of pattern

size. it can be effectively applied to terrestrial

patterns formed by desiccation, lava cooling, and

tectonism, as well as polygonal patterns of un-

known origin that are found on the surfaces of

other planetary bodies.
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